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[ IP. Ml "TfM f£ « - £ ! - ^ /c o T /x W 4 - £ ( i t £ - - & 

jk v n *- m ^ /i k # t m m ^ e ^ » 1 1 * - -t - & c 

W^.r^^N^ti: 5J: "> Biff 4-rt«tt:*&M'h£ t ^ l tfy&it 

nm -?h $ s i o.M9 t , mm 1 ^iS)ttM4^ hm, 
b^t t to-5 s i Nil 1 0 l tz - 1 &&w. t i- 5 :: 




(2) 



&m>V- 1 1-2707 



Mk'k^r t" £;k -'k;7-k^/kv>. 

m-)u >r v i '> kikkk ^it^j-k m i -.'vs -tttj* 

'■: . : »Vfi I 7mS Wt:RW..'» I:,:. . rfi , .n^ wm t >> f M iflr 
ili'lt^fi'j ^ i ^ 2 .'m;§ WWi'H.y I 2 
L :-t- v j^**fr^W£ 

[.iVi.-kJf'i 2 ] i-.^.-s >t'fW*v> t,, i ■•'■.>•§ u-n*; 

i^rio -■j-c^t). k^2 l^'jS Ai'nMi t. i^'L^'" - 
; iff-?*. 7> l u ^Vrft 2 uVi^Yi i ^^c'/'^^^K^t 

UiV-k^ 3 ] UdW i ^'..3 MWJWft 2 o >&;wm 

i-t. (2m- 1) A 4 n ( 1 1 "'? , ml t II A U^'K 
tfc. A II. AfrAk'-^k:) ?VV>ii "HA r. 2 r*rtf* 2"t- 7, 

[n.^k^ 4 ] tfirtA*. mi i ■;zVit?<</> ■/ .-.> y - 

■ok^fkk;i^ i-l; l^M-^' t mt- ; > <\t;ftiL 

l-.:iLili*>i^'.'l£tt?i+. 3j2t*. - .1 s't-l-^-^ ^^^-^of'-t^rmWi 

'viui' -'.ir;:-!- : :.r-.v>, Hj,H£i-iH^.''KW^r i ^n 1 9Aiio-^ : :> 

l (Ml O 1 ] 

[ ^MH^v^-t-^^^r V^f] ^■<fef«j i '.t. :^kW\ k^kkv 

Aj./.ii i_*/ L 2 t-uqri- : ? 2 7,.-?-* o&V'WcStiltf 
[ () () () 2! ] 

lrt-:^>]m] K^t^ii^ty^vj , : .- r . v-- f -t. s 

■W..Mf-t" o .'/t^'/v^i-'V fr v*j,'.f!jtfl •„ -|^i^i'/v>j'"'t- 7. 

rS.iM^f^M!'!^ " - v ~- 2J'l- --:^r^:f: 

V< -Vi 1 !,." <c't--r- 7>>^fk;^ 7 . -l^iL-r^ r. ;V»rfft:T 
7 t r. ■/» t --i frt- o :. ^ l^^r'VlifV^ii-; 

[n o o -] ft4c^ ^ffVtWj ^ TV" - : / . , •'/--lift 

v v^j'?] 2./'i-'* 1 ■ \ *' ^^^ Vftr-i/iiiv^-/; 

[ o (M) 4 ] M \\ C; i7-.tM; d, j-^lf r^^^u VG / ^ 

m ."7«^^tL5 :) 



[0 0 0 5] V- '< At-^ 3 3 (CWi, m^l«i 3 1 IZ%£?^W 
^N-^o /■:'■■')-.'' <N'']t^^jv[I^3 2 ■'w#ih 1 i 3 1 > VlfHj'J- "**, .j: 
{I'f-fiV: -r^fi.-:*^ 1 :., ■'/•"' ' 7 - teft 2 i;c;t. 

V t : ^:^3 1; <f L '.{£ ^ r t N Oll^ , ^Ug 

i v : : : " 7 2 2 . w - - -'.'iliWi 2 3 . l " 1' ;.",iLfti l: 

4 , ^2 Wliil^^flW 1! 3 , ^ ifcVtifa?^ LMi, ^3 JH.'J'.]^ 

H:f3^ii 7 . i; t O iitiM-tvgffc L r T >;-<^f'.ll:f!ri / v ^ ^ 2 
[ 0 0 o r> ] r.^'i-i^r-^:'" * 7 - v ""^ " -^IeV/-! ^ 

u -^'^ ;:. fS ^ 1 f -."'•/ '7 ^; ,/ , ■ ^ f,j- f •/ ^ r /; « / ^ 4 1" 
;l£^i / ^/L-W - s [; 2 "7ii|L >Gii"7l * 

[ o o 0 7 ] ->7n ^; < i >j*x n ^ ''/i-ira 

it. No ft wiiiii-t^^rr v .r-i-i n^-^-r 

O . 3 - () . s n nv7 ■iwiL^;.".^- ■ ■7;i:i'^ : 2 ; 8 

[ o o o n ] l. ( ;d^rV- J 7'' i'"'"-^ .'■ 11 '^iViulvti^ 

J^ Jr. i'-t-'n'V'K^t r^"7'( t N ic^iitiiifiii: I- 0 " , UN 
. , v 7 n — : ; y ,nji ,y 2 -7 t fvij -> s ( ) 0 A N s ] 
1 m ( A m r 1 l n N 0 t i < . 11 <\ 1 S t :i n 
4 ii r d s Inst 1 Tut l* '*ii'-V> 7" Al 'fi (/t---^ 
>) "7.t'-.o ( ) Vf!f ^f , ''i'i:f' l J - ; cit 4 0 o w 

: 7-.^ t V, 7^r:-t-.'-l <)G3/ h.G^iJ/ ^ ;iL ■*:.!:.. (ftun/.: 

\ -it "0 -''iU*'] ^c ; 7 2-A_:^---7, ^^r^i^tf/r/G^ 
: ^ :r. v - v — '^ffkr |-vi:'K;^L/7. <h#vi ^^M^ 

[0(> 1 0] t7:, H --:_( t'^fSM'- 7 — 1 'J 1 3 1 7 

ftji-it. [4 7 ;.-.:■]■:-!■ t •". 1 I. i^/K^r-v- 

'I'tkl.M^-i-.'P-W t /:fin;;^t/.:ws;-i^rw 2 ir, -t'V^'J 
^;v:^^'J 1, 4 ■■:(i£if!ifff-^ 1 .o.Snq I ^vaff:K n 3 h % 
'■^rVjfl«JV-;^^j A , ' 4 -?,tViifS "q^'.gfts:^ 5 4 •> 

IHi'iCT-WW 2 "7 A: ojiil'H^Tlif^^r/'faW^^W 5 O ^ hv^3 

/;]■; - ..t.'LiliV,-*' f k t'/-f^l>r 4 Vk!l:^ i^jV^^M^:!': 7 :K 

•71^ v 4 It, .^JkHmr k -t^n'J^ff 7:ii 

[001 1] h,id>;*m7<:Uut. jimHWM 5 2 ^Mhlllu 

fM£5 4 -i-ffilM-t - -7 7. h !7,k . ^^l-iWW'/'^ t l » i^i 
)-<3-k-r-(77^ 5. 2 ^^^I7|C^ 7 tl /7 KWyMhh ^-kk^ 



(3) 



Vtffl t : 1 1 - 2 7 0 7 



J?u »/"i*-4.v;"-(i:, " — • £ - L "■: 8 () 0 AN 

s I l mU i.^'i^ v : l - C- . fvW^ffV.V,^ n£gr*] 

[mi 1 J] IX \:X\, k£faw/^fttr> u;t. h 
M -^W? 5 i';:.r 'i- : - - ^-M-mi >-:X' . t-^^jg-^ 
(''iS-?;^ | -I 5..'> i^i" t ■"» ;i. -r *v \ .-^ 
4f«^> I:.'.:. ti^iifr-T-^M^Htj^vafti^o 3 IriMifftifff 

oCT.wjf^K- 'r ^ CX / J :^A;>S4'V,':.t^i, iri£X 
4 , 'J 1 ".rCXC 

[ ( ) o 1 3 ] t /:. . ' «v »fflWfiW^ 5 0 5r H] i X^f1 ,J 

rx^/:mo\ /-^vEt*! ixtf'/;VLXt^^ 

-iV>Vrf*b&''H ',. ivT.tir.'' l li-^c L /r 't^l:* VrC i i- 

Xl^iv: X A i X^ . Vr M.iAXC i >/Hh 1' 't: L . «*atf 
iXoVli/k vf'f > X X, *MiL<>k % 6& ^XIlIX '^x 
ft: '\i '■: iXiX : > XLX o ^ t • -V 'I: L "C 

[11(114] £ A- , 1* X tW^n'f Ai -I'vKiS !r L "C . 

W ■>(■£. rHXXx 7 3 7 3 1 X';*Xft. Ms,:-:; 
-l- i; X>/ f'- t\ i L' ^v f W, 6 2 ;^ VR*.«"-i'r L T X;V; ^ 

XXXV, i/ rffi.Vft l : . X XX XAMtiXi^X 
Xli+te 6 - . 4 t. 6 5 . 6 6 u ;'j > 0 \> if/" mi 

vii XXX XX X^i'hwX ri^Xtx.MMlXX 
WX s /..irr^gfrjr-i- X: E WnlXAX4v rX^xxc 
i X ^ XuXWX s XXvX>K9hTXtM] 

C-XX ;£toXffXX «>XWX s^.Li:^-, 

ir-n 1 I.-U 6 7, h i* i-thdfnj^T.t-. 

[OO 1 r,] |;,iLl};^(f ' : n, ' v — i 111' Mj -^711' i(V 

li.'r.li-'A-'t'V-^-j'- r fifl L . u ff^^VrWi VrtM S T {\: 

'I' HvMi'rL" .'L vHlA,>;i >-!i" 5 :_ ; t * ' . \V^hM '<i 

[tin i fi] u i'*./,., ^Vflfl'f-fi — 4 J 7 :i 7 :i 1 vh^ 
[t)(» l 7] .t A: . ifVIHl-I'-7 — 4 :i 7 o ,s v-:<c^i:-(rt. 

7 i L>>Aii~$m^ntri§m>i%' t m%7 ^■<rt-^mmw^ 

tii 7 O t , r%W\Mfa 7 3 ^Yr-r-om^^MtiiJ;^^ 74h 

iSf^^aa?? - hjS^im^7 3 ^C'iigtiffl:it->S:f : -ij;jiiL t 

mi, 7 5 r Bil< m .\ ti" - : l*j [ff] ; : i" o # f '^J (i^ ^ }\ ^ V< 



3 ( ) 0 n m n f : T- ^ v hi $ t tin t< f< i'S ^ ; f)H * I X 
<. * *3 ■ 

[on ] 8] h.tl^^i^ ):n;::'. "ffy. n:M^{--^J ! - 

[no 1 "J ] j » L , ^l'4J I - 7 -4 3 0 7 8 vl'r^ n/^ 
^r'y.^^^ H-^i^it, ^ j";i^iAi./)fffen-[^il^A >;, *,./> 
T.t*. o , KM >t^^PM 't % r^'['j t r fij fl] -r s [. itVft^ -v 

rft?^j";"'Vi; : t . "-^icifji ^inj-,;r. >t'/'fiJMl ^ vW: 

i'.'f ^. f- y> i : f -t , - : i c i*j mi ; :. t~r *<£ -/ 1 A:^^ • ?H 'fSf- 
vii /j.-v ; tc Si.f:tWi:i'-i, A: ^ .-icf ^ ^ " — > v» 
l^hfiiViit^^siMiANs r i mi;.f>;)'/'i.'.4(M)\v 

■c, ififfvii: o .'t.i ■'. ; 

[on*jn] t/:. I.ld^ ^; :. ^.lilc^ >tfe\c"Ci t . -fcW.f-i 

if-: i'h'i /v- -rv^K'.' -fti<ifujvii:;;t-:;vrt ; /*: v ( c ^ > ; :. . .^^ * -j; 

[()()2 1] " r " 'L x rl; ^ t M f - v '.' 1 (',','] l ^ f f f f . u L 
'7, 7,;trCi; M , {V'l vi'-t . ^ff^ 4'- 7 - 1 iM 3 1 

"7 I ^ '7 , 

[0O2 2] [.'14 ifS-SdHi \^-t AjiHc-JiV . ^M^f t^^rr- r 

X > . 3 — n . s /; mtCiUl >iiV> s 6 '-^^hf-/j> 
f'fOii v^.v. a'J l( PJC'f i^u j^t- t- n. 34 

/* mC.v': ^.f .^ l ' , 0 . 4 // rn t it® ))[] I () . 

4—0. H /; m t";*fif/2. . n. H ;/ mH[r/"C 'Vhi'tt 
v^H'ti^rr'-'c. r.' 1 '. t: Mi. iF'Wf-t. n . 4 „ mi/. |" 

[ n n 2 :i ] c - T\ f>"ij ■;. ( t fli ff '.fj^-y liM? -v -f j -i - 
H^tVi^ i';-4-- r^:]f]i 3^A"' n . ' i : , ; - vW/;V:-|- 
v^-.V-. KJ-^n. f> 5 // m r't'-u v >^tf'Jf3 ' : a- 

i^J-.tn. 7. 5 /; m i-if'^ u -t- • .a . ^ 

i-i n . 4 5// ni l"! 1 ^' -f o f'i feil] ' » "t* /l-;VvLV8. ,: u o 

KcM;^#r^-;'jMJti^/:^'x n tT'JIj-- • t /i ^ .f«] 5 !? 



M) 



1 1 - 2 7 f) 7 



'I ' ft ^ « ij itm^' if 5 ^ 7- 

[te"*J//tt'ftL ,L 'r-f^.u'^] l^fc^jfi, J: ( ^uli^> 

.F ; >. r. >>>mi$m*i: f-'Jm-t--;, i t " . ^Vt:^: 

; . vil'ffVli ^1- ■ -WOtrt'TA . J/-: ■Fiihjtfii'/'iin'gf r Tm] 
F-7* 7^F?Fi^ A-F^w ; .r. -v-iiltH-OtL 7>fx 
4f*?-!fi^.Vi /> -n^yi 1.'l?£-f*t-f o - . u ;:-*.*>« 

[ 0 0 U 7> ] 

^> t 'rfe^/-> iii _ . "rmA:pCiMc'^FI4r-^^(l!^ -'.ii'.'r.-t- o 
riy., ^^i-i^^'^^r-v^^^^-tt^ t o ttfFF.^.ttf< 

n'j'j-.^L «.?; i .^Sfcttiis u . &m i ^m5WJ^» h;i . 
s'v>>'^ff^P7i. > v, 

[(> l) U 7] (In :k J f '( 'J (/ 1 "*£ ' F - itdMC <■■'" ' iF '- ; > *h / '^9 1" £ v 

Fud-5 >tttJS<.'» . <?, l AM't^it, 'rstIF . " ; 
b<s ( s i n ) . Ti n.w. i 'v o^jvv/^^man^ 

i ) ;. . 4 ii ( :. -7 4 mi to vilo^Vc . lit KM it 
*j*-?iik) -r.^ ^i v i u r**H& u -f 
[o n :* o] JJd^&>A;;:.l;,a:-F, ?f5 l -^m^ t rj 

■/-. ift" i in > j ! - i i I ^-r , I : Id [fW ^ ?{£ «* ( t , ^ - 5 I ± 
( ' » .1 : £ 1 ] T r S ;/l fid %V j i) t = t - i . U i - ; ii ( -f - ?> f- if » , M ;S 



[i>n:<'j] |-. u d--'»WJA-;: ta.'.t\ ni'/^-^:- ! 

-.'.Uj^OiL o^^r^ ( iV^?> F^i^^'^ft \M r j-^ : 
L " 7 A: iVijhi[f ( ].y) I , 1I , J 'et / :M''>].i-.-t- ; 3 * 
[ o i) :i 3 ] 

[mi ;i4] itirJj;-, K'K%r-."fl :: ^i v/--£^f5^fV f W, 
[oii35] 14 l i r_r-L<l u ( a ) ;:. j"t' t t^'ii 

fvij vi-f-'; --■> -'.:v 1 J f l^> I. -T^mSI'M^^ 1 F 

,*.-/':-■> -/>■- c - V [) ( ( • h L> tn [ ,_. j y ., p r r , v 
position) //:T*ri : i. n if:bV;-l" v ; Fiid ' * '--^ 

ii'^idi-^viWi : : / :/ 'i f rL'i'-*)) ^ 

[(Mi;j8] iSiMF^'i <fV f ^ l l -l'l<:^j" : t- 

\,? : .tf>%t i i) oflA] - £c l »"> nflA].-'/'^:*/f»] .': 

[ (to :W ] i I- T - -V^/jVi-t- v ^^fMfM' '-r L "1 1 1 , 
^niVfl" , IJ " J : ("r'-i-'L-'v -v;'J a -Si) . 

^^fWi. " --7: , 'J ; . p -Si) ^:ffjl -v ( 

rr " . it"''-e/L 'i ^^^^^fr^f-U - - 

r7 ' 7 •- r "- " i : .t: -^r-rii-iii )F|r 7 ^r! 

[iHKiS] M.i'; I. /ul S^v. -j- i- t i: £:{-t . .* * / - 

[ o o :j 'J ] Mi trj-M «j n jji »Tf t t !•' *r L' -1- fifH P t > 
id f r,r.- L'Ti t f t *j c/.^^i im :j f -j'^f i; ■*» 

i^, rSf^j^fe" 1 ^^Fi-^^:i.:jF'/;V:^ti-;:-t-^ft:K 1 7 c/> 
.hi: s i ( ),£ ^ t£ u> y— 'rn&rtVH 1 8 4;fF'Mc , -c-." 
i-.F-r.a ^ zr. >*' a^.i 51 Wi;F , M =3 ^ ^L/ .^m^Ff F 
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ftfflV- 1 1- 2 7 0 7 



VtB? 1 4 5; Jf O . 7 ^1 1 f.I^ 1 4 (2 r-i O V 

*' : 2 - - 'i- vMi-r: . ' - - ^mt^3 2 !■ i ■ f : -Tttfai 4 r 

»F bVoi-o 

[ o o 4 o] ipji'-r, M l fc e-M 2 ib) ;:. ]W- t ■"> 

[no 4 i ] -2Aoi^2, ttrtt^ l l u c p (-2-^ ■ -r- 

m\h£w\&#i\ ^("Ifc-r-H-:., r.n;:.t^ :i£<i2>j;:t 

o, ™i * k^'^n- 2 o o — 3 o ot'/'M-:- — 
-v^ *'2-r, i-*w^2 ^-yro r. t 1 *> . tkt2 
^'li.fciri'm. --M2^;~ fc-o~:£i o^^w 

[0(14 2] I^'^2l^[li]^H^5^vl;;:, 
r h I . : V^.fci L T , - ; '/ •> ; -J" — 'l - O ;F-fA2'2 2 

-,*i>.v/.-v ■/ v .v.fj. v % - : ^ i^ft^ifV r. ./-I:-*. ;: 

L "T >f 2>V; l. l . v - . l - -I.- .Ml i -T- - : r l r 

2 ( 'J " v--->-7 t -^:;:j:i) t J-.-jdflWVl/j-TT.'J 2 ;/ m 

^'^2^flS)^l^^^ J '-Li ' .'F '^--t = V--:;- , U 

. i'; riiHU W;:f'.9-tVt- o- : v * 7 :■ a r'o/A: 

-t- ; :> t ■'){'. f -T- ''-t-o, k-~-> f.---- 

( t. Oo>7 x £ Jf!(e 2> •^'S :-/■!> C F , f J 

: Iri: t n , -T- ' ^ 7 — 4- A" 2 v I : t "C 

[ i) o 4 :i ] :. i: i i L . M 2 ( h ) 1 
i:.. 1 < y'tmi4 k;:.[^L L tz - : v •/ ;.. — /L 5 j 

[0044] [■>! 1 .t CM-] 2 (..-) , - j:-J- L 

■'i-^-fv u ti:;:. ^mr'A::V0r+:,;«--*- r T 2 

; ;, 1 <( tft-M) ,>-h (H \*.f t , P d ( ; ■; rl 7 ^0 1 : , t 
m"oi'. f" ff^jn :_ /:-tV -1^) ;^i'^c H'.W/j't-j:* 0 o n m 

f . a- : - a m f m r , -r- - t * *t ■** > "T 2 mm^; 
[ o o 4 r> ] - !.. W^-.'M ^tii^^.Y^./;-^^ .i.e. 

'"T l L - t o , Uftr.UfM*;* r ' • ?f.'^-t-- 

o : r. ^ '■: ( t .r. 'f-:r- "^'y '' 'l'U "^^ v 

^Cl.t, ^Jft^^' ^ -f-.'L '">"' /L -.-3— /L -/fffti^^'ifit ^>:. c 
[0 0 4 H] IjLiItH. [^12 ( «. ) i:.:-j':i-J: O i - , l#T 

2 lif^^H'^ 5 .h[C;H/fc£jft, 



[0(14 7] T^l-r, [^] 1 JoiiM 2 (. d) ic"f<-t-.i, ") 

7 .i^'*:fii:,, ^ ft; ^ :. " i: ^ . ^ :v'i!;s]rf!T^ 
"i" "0. 

[11114 s] /J| - .WlM|i€ir*SS r t«;;t-t" v *^ 

^fL-ftm^ ^injftua ; '. , 'h | i'S"r-.t-.?:. . 1 1 o c v?^ n ~ r 

" 'L-^t.fll! .t *) i :.>M*'fL't , l:m^i^35f«j ^ 1 l:;: 1 ^^' 

L. VA&\Vi*)\\ 0 U0 r pmT3 0 f ftlL 1 r 

[0 0 4 9] iv-:. Kjd^ ;i^fJS]^f^7 ^-'-r h " 

1^7 1' j:- : -f-> J. *M ; »r -iT'- 7 -?F;M>:ii ' • ' v - ^ 

--j ^ v v f.^>-/L- 7 a i-?fi;;V:-l' o ( ^ '-^^ 
( t , (.)..-*; *H i N "-T 1 f '> 'g : : C X c ! r , -*j ^ i- ^ 

[otind] t*i. [i-|2 (d) iijVt-t n 

w*mm *.[■.>.'>■■ -jTi^fi^L;: t ^^m; l ;:^:u^f;n^H' 

[unri 1] ^.^'iv. i-1 1 -« .■ -U [4 2 ,:..j:-t-.L •'. 

:rW[n|^m7^ i.iVtf'ijV/t - .t -Mi L r 

n t-.m t ^SrVii'KVH" 11 , ^^r^j^ A <v » 1 , 4 ftUS) ( 

So u • * , flW:^.-:5 000 AftUS;^. K u "^:> " h 

[ o o 5 2] l-.^^.f-. 01 •fJ:^^> [ >^^^^s r 

H'i;Vf-< , 1 ^ 'fli.t'. 1 w t^-j^y • Vr — - 

t,'fi*i^ 2 -^^,1 ,, ?r; 1 ^mS;A:^1^ 2 2 'T S 1 (..> 
^fll 2 . <H 2 -.0 ;,5 VLffe^ .2 2 "T S 1 1 0 2 ^tilh 
2-i ^ -W"Ms -/>.l-.i '.|i|fi^:f t !j|^ l /2 ; s 1 < >. 

H^if. Si Nfl« 1 l)[t. m -2;1 K [^'^ ' ' v " 

[ (.> o fi 2, ] i*; i-; f^j-f ts iO. s 1 no ^: ^ff 

H2- o-o.'it , - <" o- >ii;: V-C^'l 1 "*.*■'. ti r 1:'- -2, r 
j^4r-i"2» :. 2: 1 n/AillCH-o i,.7>T,t, 5, v --- • 
' 7 >i2 1 S 1 ( t S 1 -O -v — v * 2 ,2 ^'^'p-?A r f 

<.^-:^.o, S 1 N^'i^vrli:-^^ (NO '^H'A'ti-: A r - 

-i2i^ i-.tv-r-r, s 1 /■;■; {■ ^^i^i r&yzn; -r-tJ-r s i 

N rlflL, w^i-ioS^ h£2f42f^-tto ^2'"2^. o, 
[UU54] :^.^i'-S 1 Ojg 9 , S i Nflll (Ki 
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ftm ¥- 1 1 - 2 7 0 7 



!fnd;t, n d = 4 4 /:. I T' ^ 0 . o„ 
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(57) Abstract 

[Problem] To provide a silver increased reflection film 
improved in reflectance to make the reflectance substantially 
constant extending over the whole visible light region, and 
a reflection liquid crystal device using it. 

[Constitution] An Si0 2 film 9 as a first translucent film with 
a relatively small refractive index and an SiN film 10 as a 
second translucent film with a relatively larger refractive 
index than the first translucent film on the first translucent 
film are stacked on a silver or silver alloy thin film 8 to 
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increase the reflectance in a short wavelength region so that 
the reflectance of the visible light region is substantially 
constant . 

Claims : 

1. A silver increased reflection film, characterized 
in that a first translucent film with a relatively small 
refractive index and a second translucent film with a 
relatively larger refractive index than the first translucent 
film on the first translucent film are stacked on a silver or 
s il ver alloy thin film to increase the reflectance in a short 
wavelength region so that the reflectance of the visible light 
region is substantially constant. 

2. The silver increased reflection film according to 
claim 1, wherein the first translucent film of the translucent 
films is one selected from a silicon nitride film, a Ti0 2 film 
and an ITO film, and the second translucent film is a silicon 
oxide film. 

3. The silver increased reflection film according to 
claim 1, wherein the first translucent film and the second 
translucent film are determined by (2m + 1) X/4n (wherein m 
is integers from 0 or more, and X is wavelength of incident 
light) . 

4 . A reflection liquid crystal display device, in which 
a plurality of gate bus lines and source bus lines are arranged 
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in a matrix on an insulating substrate, and a pair of a switching 
element and a pixel electrode is disposed near the intersecting 
part, wherein the pixel electrode is formed by a reflector made 
of silver or its alloy, and a first translucent film with a 
relatively small refractive index and a second translucent film 
with a relatively larger refractive index than the first 
translucent film on the first translucent film are stacked on 
the reflector to increase the reflectance in a short wavelength 
region so that the reflectance of the visible light region is 
substantially constant . 

Detailed Description of the Invention : 
[0001] 

[Technical Field to which the Invention Belongs] 
This invention relates to a silver increased reflection 
film capable of reflecting almost all of light entering from 
the outside and a liquid crystal display device using it, and 
particularly to the reflection liquid crystal display device 
for a projector. 
[0002] 

[Prior Art] 

Since the reflection liquid crystal display projector 
is adapted to display an image by effectively using reflection 
of light entering from the outside, heat generated in the liquid 
crystal display device can be reduced and the size can be 
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reduced as compared with the transmission liquid crystal 
display projector. The development of the reflection liquid 
crystal display projector has made progress because of the 
above advantages. 
[0003] 

Concerning the reflection liquid crystal display device 
used in the conventional reflection liquid crystal display 
projector, a liquid crystal display device having an active 
matrix substrate using a thin film transistor will now be 
described using Fig. 6. 
[0004] 

As shown in Fig. 6, an active matrix liquid crystal 
display device used in the reflection liquid crystal display 
projector is formed by a pair of glass substrates 21, 33 having 
light transparency and liquid crystal 31 held between the glass 
substrates 21, 33. 
[0005] 

In the glass substrate 33, a counter transparent 
electrode 32 for applying electric field to the liquid crystal 
31 is formed opposite to the liquid crystal 31. In the glass 
substrate 21, a thin film transistor 22, a source electrode 
23, a drain electrode 24, a second layer insulation film 25, 
a shielding electrode film 26, a third layer insulation film 
27, and a reflector metal film 28 as a pixel electrode, which 
apply electric field to the liquid crystal 31, are formed to 
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display a pixel 35. 
[0006] 

In this type of reflector active matrix liquid crystal 
display device, the absolute value of reflectance of the 
reflector metal film 28 should be made larger to heighten the 
utilization of visible light of the light entering the glass 
substrate 33 side. Therefore, as the reflector metal film 28, 
used is a metallic reflective film made of aluminum, which has 
reflectance of light of the visible light region as much as 
60 to 80%, may facilitate the work technology such as 
manufacturing process and etching process, and has excellent 
conf ormability with another thin film. 
[0007] 

The reflector metal film made of aluminum, as indicated 
by a dotted line in Fig. 5 (the axis of abscissas is wavelength, 
and the axis of ordinates is reflectance) , can obtain a 
reflectance of 86% substantially equally extending over the 
range of wavelength from 0 . 3 to 0 . 8 \xm including a visible light 
region in the case of an aluminum single film. 
[0008] 

In the case of using the above reflection liquid crystal 
display device in the reflection liquid crystal display 
projector, for example, with the conventional reflectance, a 
high luminance light source having power consumption of 400 
W or more is needed as a light source in order to obtain 800 
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ANSIlm (which is luminous flux (lumen) determined by American 
National Standards Institute) as enough brightness on the 
display screen, that is, as the brightness of the screen. 
[0009] 

In the case of thus applying strong light to the liquid 
crystal display device, when 10% or more of incident light is 
absorbed, the quantity of heat generated in the liquid crystal 
display device becomes larger to cause lowering of reliability 
of the liquid crystal display device. Consequently, it is 
difficult to manufacture a low-power consumption projector 
which can reduce power consumption by making the best use of 
the merits of the reflection liquid crystal display projector. 
[0010] 

Further, JP-A-7-1 913 1 7 discloses a reflection liquid 
crystal display device, as shown in Fig. 7, in which a stacking 
reflector 50 of a transparent dielectric layer formed by 
sequentially stacking a single or multiple metallic reflective 
layer 52 showing high reflection coefficient, a transparent 
dielectric film 53 having an optical film thickness of about 
X Cl /4 and a low refractive index, and a transparent dielectric 
film 54 having an optical film thickness of about A, n / 4 and a 
low refractive index on a substrate 51 is stuck to a liquid 
crystal display panel (A, u /4 indicates design wavelength, and 
the optical film thickness means the product of the refractive 
index and the film thickness) . 
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[0011] 

According to the above disclosure, a transparent 
dielectric film 53 with a low refractive index and a transparent 
dielectric film 54 with a high refractive index are stacked, 
whereby a high reflectance is obtained only from the metallic 
reflective layer. The reflection liquid crystal display 
device disclosed in the above official gazette is a 
direct-viewing liquid crystal display device, not a projection 
type. In the case of using this device in the reflection liquid 
crystal display projector, however, 800 ANSIlm or more can be 
obtained, heat generated in the reflection liquid crystal 
display device can be reduced, and power consumption of the 
light source for projection can be restrained. 
[0012] 

The above stacking reflector 50, however, uses aluminum 
in the metallic reflective layer 52, and in the experiments 
made by the inventors of the invention, as indicated by a solid 
line in Fig. 5, with an increased reflection film in which the 
transparent dielectric film 53 with a low refractive index and 
the transparent dielectric film 54 with high a high refractive 
index are stacked on the aluminum reflection layer, high 
reflection can be attained by the increased reflection film, 
but it is as much as 84%, and 91% at maximum. 
[0013] 

The reflection liquid crystal display device using the 
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stacking reflector 50 has the problem that when the reflectance 
from the reflector metal film is heightened by the increased 
reflection film, a capacitive component Ci serially connected 
to a capacitive component C L , ; of the liquid crystal display 
element formed on the reflector is formed, and generally the 
capacitive component Ci is much larger than the capacitive 
component C LC so that the capacitive component Ci generates 
polarization to have residual DC voltage, resulting in causing 
a residual image and lag of optimum counter voltage to 
deteriorate the quality of a display screen. 
[0014] 

As the conventional reflection liquid crystal display 
device, JP-A-6-273731 discloses a liquid crystal electro- 
optic element as shown in Fig. 8, in which in a liquid crystal 
electro-optic element including a liquid crystal polymer 
complex formed by dispersing and mixing high polymers 61 and 
liquid crystal 62, electrodes 63, 64 disposed on both sides 
with the complex interposed between them and substrates 65, 
66, a reflector 68 directly comes into contact with one side 
of the liquid crystal polymer complex. Further, disclosed is 
a liquid crystal electro-optic element in which in order to 
increase the reflectance of light from the reflector 68, a 
multiplayer optical thin film is further stacked on the 
reflector 68 also serving as an electrode. The reference 
numerals 67, 79 designate an orientation film. 
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[0015] 

The above official gazette discloses a liquid crystal 
electro-optic element applied to a projector, and an optical 
thin film and a liquid crystal cell formed by a liquid crystal 
polymer complex are combined, whereby the liquid crystal 
display device using the liquid crystal electro-optic element 
can be improved in contrast of a displayed image. 
[0016] 

The reflection liquid crystal display device disclosed 
in JP-A-6-273731 , however, has the problem that as a stacking 
film formed on the reflector 68, cited are Ge, which is a 
semiconductor, and Cu and Au, which are conductors, but these 
stacking films are opaque in the visible light region, that 
is, it has the absorption maximum of light, so that the display 
screen is colored. 
[0017] 

Jp-A-7-43708, as shown in Fig. 9, discloses a reflection 
liquid crystal display device including a metallic reflective 
film 71, a back substrate 70 having a transparent conductive 
film 72 stacked on the metallic reflective film 71, an observer 
side substrate 74 having a transparent electrode 73, and liquid 
crystal 75 held between both substrates, in which voltage is 
applied between the transparent conductive film 72 and a 
transparent electrode 73 to drive the liquid crystal 75, 
thereby making a screen display, and the product of the 
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refractive index and the film thickness of the transparent 

conductive film 72 is 300 nm or less. 

[0018] 

According to the official gazette, since absorption and 
decay of light in a partial region in the visible light area 
are not substantially caused, coloration of the display screen 
can be prevented while keeping the advantages that moisture 
resistance can be enhanced and damage in the TAB packaging 
process can be prevented. 
[0019] 

Although the reflection liquid crystal display device 
disclosed in JP-A-7-4 3 07 8 can prevent coloration of the display 
screen, this is a direct-viewing type reflection liquid crystal 
display device utilizing natural light such as sunlight and 
indoor light. In the case of using the device in the reflection 
liquid crystal display projector or the like, for example, 
power consumption of a light source of light projected on the 
display screen becomes larger to obtain enough brightness on 
the display screen because the utilization of light is not taken 
into account. To be concrete, a power supply having power 
consumption of 400 W or more is needed to set the luminous flux 
of the irradiation surface of the screen to 800 ANSIlm. 
Accordingly, the power consumption costs high. 
[0020] 

In the configuration described in the above disclosure, 



11 



since the electrons in the insulation film stacked on the 
metallic reflective film 71 are polarized, loss of voltage 
applied to the metallic reflective film 71 for AC driving the 
liquid crystal 75 becomes very large. Consequently, the 
driving voltage of the liquid crystal display device becomes 
high. Further, since the driving voltage of the liquid crystal 
display device is high, the transverse electric field due to 
the reverse drive of the liquid crystal molecules becomes 
larger so that turbulence of orientation of liquid crystal 
molecules is increased to deteriorate the quality of display 
screen of the liquid crystal display device. 
[0021] 

As material having higher reflectance than aluminum, 
silver is known, and JP-A-7-191317 , for example, suggests that 
silver is used in a metallic reflective layer. 
[0022] 

Fig. 4 (the axis of abscissas is wavelength of incident 
light, and the axis of ordinates is reflectance) shows the 
reflectance of aluminum and silver, in which an aluminum single 
film, as indicated by a long dotted line, has a substantially 
constant reflectance, as much as 86% up to the incident 
wavelength of 0.3 to 0.8 (jun, but the reflectance of a silver 
single film, as indicated by a short dotted line, has a 
characteristic such that it rises at 0.34 (am, suddenly 
increases up to 0.4 jam, gradually increases up to 0 . 4 to 0 . 6 
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Hm, and becomes constant at 0 . 6 |um or more . As described above, 
the silver single film has the problem that the reflectance 
in the region of the short wavelength of 0.45 pirn or less. 
[0023] 

Accordingly, in the case of constructing a three-sheet 
projection using a liquid crystal display element having a 
reflection film of the silver single film, it is necessary to 
provide a panel for red having the wavelength of 0.65 \im in 
the center, a panel for green having the wavelength of 0.55 
[im in the center, and a panel for blue having the wavelength 
of 0.45 jam in the center. The reflection characteristic of 
the silver single film, however, has a lower reflectance in 
a short wavelength region as shown in Fig. 4, so the brightness 
of the panel for blue becomes lower as compared with that of 
the panel for red or the panel for green to lose color balance. 
In order to solve the problem, only the panel for blue should 
be made according to special specifications. 
[0024] 

[Problems that the Invention is to Solve] 
The invention has been made in the light of problems of 
the prior art, and it is an object of the invention to provide 
a silver increased reflection film having high reflectance and 
improved in reflectance in a short wavelength region to make 
the reflectance especially in the visible light region 
substantially constant, and a reflection liquid crystal 
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display device used in a reflection liquid crystal display 
projector, which has enough contrast and brightness, may 
prevent the occurrence of a residual image and coloration, 
further reduce the power consumption and improve the quality 
of a display screen by using the increased reflection film. 
[0025] 

[Means for Solving the Problems] 

In order to solve the above problems, according to the 
invention as claimed in claim 1, a reflection film is 
characterized in that a first translucent film with a 
relatively small refractive index and a second translucent film 
with a relatively larger refractive index than the first 
translucent film on the first translucent film are stacked on 
a silver or silver alloy thin film to increase the reflectance 
in a short wavelength region so that the reflectance of the 
visible light region is substantially constant. 
[0026] 

According to the above constitution, the spectral 
reflectance in the short wavelength region can be heightened 
so that with the high reflectance of silver in itself kept, 
substantially equal reflectance can be obtained in the almost 
entire visible light region. In the embodiment of the 
invention, reflectance of 98% is obtained. 
[0027] 

The silver increased reflection film as claimed in claim 
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2 of the invention is characterized in that the first 
translucent film of the translucent films is one selected from 
a silicon nitride (SIN) film, a TiO. film and an ITO film, and 
the second translucent film is a silicon oxide film. 
[0028] 

According to the above constitution, very stable and 
inexpensive material can be used, and manufacture can be 
facilitated . 
[0029] 

The silver increased reflected film as claimed in claim 

3 is characterized in that the first translucent film and the 
second translucent fi lm are determined by (2m + 1) X/4n (wherein 
m is integers from 0 or more, and X is wavelength of incident 
light) . 

[0030] 

According to the above constitution, the film thickness 
of the first optical thin film and the second optical thin film 
is set to secure the light transmi ttance of the first optical 
thin film and the second optical thin film, and the improvement 
in the spectral reflectance of light in the visible light region 
can be stabilized. Accordingly, the improvement in contrast 
and brightness required for the liquid crystal display device 
can be ensured. 
[ 0031 ] 

The reflection liquid crystal display device as claimed 
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in claim 4 of the invention is characterized in that in the 
reflection liquid crystal display device, in which a plurality 
of gate bus lines and source bus lines are arranged in a matrix 
on an insulating substrate, and a pair of a switching element 
and a pixel electrode is disposed near the intersecting part, 
wherein the pixel electrode is formed by a reflector made of 
silver or its alloy, and a first translucent film with a 
relatively small refractive index and a second translucent film 
with a relatively larger refractive index than the first 
translucent film on the first translucent film are stacked on 
the reflector to increase the reflectance in a short wavelength 
region so that the reflectance of the visible light region is 
substantially constant . 
[0032] 

According to the above constitution, a reflection liquid 
crystal display device for use in a reflection liquid crystal 
display projection has enough contrast and brightness, can 
prevent the occurrence of residual image and coloration, 
further reduce power consumption, and improve the quality of 
a display screen by decreasing a temperature rise of the device . 
[0033] 

[Mode for Carrying Out the Invention] 

One mode for carrying out the invention will now be 
described according to Figs. 1 to 3. 
[0034] 
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First, the schematic configuration of a reflection 
liquid crystal display device according to the present mode 
for carrying out the invention will be described with a 
manufacturing method for it with reference to Figs. 1 and 2. 
[0035] 

As shown in Fig. 1 and Fig. 2A, an active matrix substrate 
in the mode for carrying out the invention has a pixel-on 
passivation structure, so first a passivation film (not shown) 
made of SiN or the like is formed on a transparent substrate 
1 as a first substrate made of glass or the like by plasma CVD 

(Chemical Vapor Deposition) process or the like. The 
passivation film is adapted to prevent a structure element 
constituting the transparent substrate 1 from entering a thin 
film transistor (hereinafter referred to as TFT) 2 mentioned 
later and liquid crystal 11. 

[0036] 

Subsequently, a TFT 2 for driving the liquid crystal 11 
is formed on the transparent substrate 1. Although several 
hundreds x several hundreds of TFTs 2 are arranged in the 
longitudinal direction and in the lateral direction for a 
matrix display, only one and the half of an adjacent TFT 2 are 
shown here. 
[0037 ] 

As semiconductor material constituting the TFT 2, used 
are amorphous silicon (a-Si) and polycrystalline silicon 
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(polysilicon, p-Si). In the case of polysilicon, amorphous 
silicon is heat-treated or irradiated by laser to be 
crystallized to form polysilicon. The semiconductor material 
is separated into insular regions corresponding to the matrix 
arrangement. A source electrode 3 and a drain electrode 4 are 
respectively formed in the insular semiconductor regions by 
etching using photolithographic method. 
[0038] 

Not shown, the TFT 2 is provided with a gate electrode 
connected to a gate bus line, thereby supplying a scanning 
signal to the gate bus line. The source electrode 3 is 
connected to a source bus line to which a data signal for driving 
the liquid crystal 11 is supplied. 
[0039] 

Although the TFT 2 is simplified and shown in Figs. 1 
and 2, the details of the TFT 2 are shown in Fig. 3. That is, 
A gate insulation film 18 made of Si0 2 is formed on a 
semiconductor film 17 formed insular on the transparent 
substrate 1, a gate electrode 16 made of conductive material 
such as aluminum or polysilicon is disposed thereon, and a first 
layer insulation film 14 is formed thereon. A contact hole 
is bored in the first layer insulation film 14, and the source 
electrode 3 and the drain electrode 4 are formed. 
[0040] 

Subsequently, as shown in Figs. 1 and 2B, thermosetting 
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resin such as acrylic resin as insulating material is 
spin-coated on the transparent substrate 1, or an Si0 2 film 
is formed to form a second layer insulation film 5. 
[0041] 

That is, thermosetting resin made of acrylic resin with 
the viscosity of 110 cp ( cent ipoises ) is applied on the 
transparent substrate 1, and the transparent substrate 1 is 
rotated for thirty seconds at the rotational frequency of about 
3000 rpm. Thus, a film of the above thermosetting resin with 
a film thickness of about 2 (am is formed by centrifugal force. 
Subsequently, the above film is baked at a temperature ranging 
from 200 to 300 °C, thereby thermosetting the resin, whereby 
steps generated by the TFT 2, the scanning signal line and the 
data signal line are absorbed to form an insulating film having 
a flat surface. 
[0042] 

Further, photo resist is applied on the second layer 
insulation film 5, and exposure and development are performed 
with a mask for forming the contact hole. Etching is performed 
with the thus formed resist mask. The second layer insulation 
film 5 with a film thickness of about 2 \im is patterned to a 
designated shape by photoli thoghraphy, and dry-etched to form 
a contact hole 5a opened to the drain electrode 4 side. 0 2 gas 
is used for dry etching. The etching rate can be heightened 
with CF 4 gas added at need. 



19 



[0043] 

Thus, as shown in Fig. 2B, the second layer insulation 
film 5 having the contact hole 5a opened in the drain electrode 
4 is formed to cover the transparent substrate 1, the TFT 2 
and the source electrode 3. 
[0044] 

Subsequently, as shown in Figs. 1 and 2C, the drain 
electrode 4 and the pixel electrode 8 (mentioned later), and 
a reflector film 6 for covering the TFT 2 to be protected from 
external light is formed. That is, a thin film about 300 nm 
thick, which is made of silver (Ag) or silver alloy (e.g. an 
alloy to which 1 atm 5 5 or less Pd (palladium) is added) , is formed 
on the second layer insulation film 5, including the inside 
of the contact by a sputtering method, a vacuum evaporation 
method or the like . 
[0045] 

Photo resist is applied on the silver or silver alloy 
thin film, exposure and development are performed with a mask 
having an electrode pattern, and etching is performed through 
a resist mask to form a reflector film 6 by patterning. In 
here wet etching is performed, and methyl alcohol dilution 
liquid of nitric acid is used as etching liquid. 
[004 6] 

Thus, as shown in Fig. 2C, the reflector film 6 having 
a T-shaped section is formed on the drain electrode 4 and the 
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second layer insulation film 5. 
[0047] 

Subsequently, as shown in Fig. 1 and Fig. 2D, 
thermosetting resin such as acrylic resin as insulating 
material is spin-coated and thermo-hardened to form a third 
layer insulation film 7 on the second layer insulation film 
5 and the reflector film 6. 
[0048] 

That is, thermosetting resin formed of acrylic resin 
having the viscosity of about 110 cp which is equal to that 
of the thermosetting resin constituting the second layer 
insulation film 5 is applied to the transparent substrate 1 , 
and the transparent substrate 1 is rotated for 30 seconds at 
the rotational frequency of about 3000 rpm. Thus, the above 
thermosetting resin film about 2 pun is formed by centrifugal 
force, and the third layer insulation film 7 is formed by 
thermosetting . 
[0049] 

Subsequently, the above third layer insulation film 7 
is patterned in a designated shape by photolithography, and 
the third layer insulation film 7 about 2 jam thick is dry- 
etched to form a contact hole 7a opened to the upper side of 
the reflector film 6 in the insulating material. Dry etching 
is performed with 0 2 gas. CF 4 gas may be added as need. 
[0050] 
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Thus, as shown in Fig. 2D, the third layer insulation 
film 7 partially exposed by holes on the reflector film 6 is 
formed on the second layer insulation film 5 and the reflector 
film 6. 
[0051] 

After that, as shown in Fig. 1 and Fig. 2E, a silver or 
silver alloy thin film 8 with a film thickness of 300 nm is 
formed on the third layer insulation film 7 by sputtering or 
vacuum evaporation process. The thus formed silver is 
polycrystalline, and it is formed with the particle diameter 
about 1/4 of the wavelength X to obtain desirable optical 
characteristics . The surface state can be smoothed by setting 
the film thickness about 3000 A or less. The spectral 
reflectance of the silver or silver alloy thin film 8 to the 
air is normally 96% in the visible light region in the air. 
[0052] 

Subsequently, after the silver or silver alloy thin film 
8 is formed, an increased reflection film is stacked on the 
silver or silver alloy thin film 8 without patterning the silver 
or silver alloy thin film 8. That is, an SiO : film 9 as a first 
translucent film and an SiN film 10 as a second translucent 
film are sequentially stacked on the silver or silver alloy 
thin film 8. It is better that the SiO. film 9 and the SiN film 
10 are deposited by EB evaporation process or sputtering. 
[0053] 



In the EB evaporation process, evaporation material of 
SiOn or SiN is put in a crucible, and electron beams are applied 
to the crucible in a vacuum to perform deposition. In the 
sputtering method, Ar + ions are applied to a target of Si0 2 or 
Si in a vacuum, and the obtained Si0 2 is applied to the substrate 
to form a coating. In the case of SiN, Ar + ions are applied 
in an atmosphere of nitrogen N, to react Si atoms with nitrogen 
atoms, thereby forming SiN, which is applied to the substrate 
to form a coating thereon. 
[0054] 

At the time, the Si0 2 film 9 and the SiN film 10 are 
amorphous, and the optical film thickness nd expressed by the 
product of the refractive index and the film thickness d is 
set to nd = XV 4 (the wavelength X is set about 0.5 \im) so that 
the reflectance becomes larger in the visible light region than 
the metal simple substance. 
[0055] 

The above Si0 2 film 9 and the SiN film 10 have a thickness 
set to (2m + 1) X/4n 1 and (2m + 1) X/4n 2 , respectively, wherein 
m is integers including 0, n x and n 4 respectively indicate a 
refractive index, and X is a preset wavelength (nm) . 
[0056] 

Thus, in the present mode for carrying out the invention, 
in order to secure the light transmittance of the visible light 
region and improve the spectral reflectance from the silver 
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or silver alloy thin film 8, the film thickness of the Si0 2 
film 9 and the SiN film 10 is computed by calculation taking 

m = 0 and X = 500 nm. 

[0057 ] 

That is, in the present mode for carrying out the 
invention, stacking is performed so that the SiO, film 9 and 
the SiN film 10 are respectively 85 nm and 65 nm thick, that 
is, the film thickness of the SiO, film 9 ranges from 70 to 
100 nm, and the film thickness of the SiN film 10 ranges from 
5 0 to 8 0 nm. 
[0058] 

As shown in Fig. 4, although the spectral reflectance 
to the air in the case of the single film of the silver thin 
film is 96% in the visible light region, it is increased to 
98% by providing the above increased reflection film structure, 
so that a higher spectral reflectance than that of the silver 
single film is obtained in all parts of the visible light region 
seen from the inside of the liquid crystal material, and 
especially, lowering of the spectral reflectance on the short 
wavelength side (400 to 500 nm) can be restrained. Since the 
absorption of light in the short wavelength region becomes a 
heat generation source, it is effective to raise the 
reflectance of the short wavelength region by the increased 
reflection film structure of the invention. 
[0059] 
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Subsequently, the Si0 2 film 9, the SiN film 10 and the 
silver or silver alloy thin film 8 are collectively etched by 
photolithography to thereby form a pixel 15 having a pixel 
electrode as a metallic reflective film, and the Si0 2 film 9 
and the SiN film 10 as an increased reflection film. 
[0060] 

As for etching, dry etching for the Si0 2 film 9 and wet 
etching for the silver or silver alloy thin film 8 are jointly 
used to collectively perform etching. In order to perform 
etching, first, photo resist is applied, and with a mask having 
a pattern of the pixel 15, exposure and development are 
performed to form an etching mask. With the etching mask, a 
two-layer full etching for the Si0 2 film 9 and the SiN film 
10 is performed. Etching is performed by discharging about 
one minute on the conditions of CF 4 /0 2 = 150/20SCCM, pressure 
of 133Pa, RF Power of 150 W. Subsequently, etching for the 
silver or silver alloy thin film 8 is performed by immersing 
the film in a methyl alcohol dilution liquid of nitric acid. 
[0061] 

By this collective etching, as shown in Fig. 2E, the 
silver or silver alloy thin film 8, the Si0 2 film 9 as the first 
translucent film and the SiN film 10 as the second translucent 
film are formed in the mutual stacking state. The pattern 
of the pixel 15 is formed extending to the upper side of the 
TFT 2, the gate bus line and the upper side of the source bus 
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line . 
[0062] 

Not shown, etching process for eliminating a surface 
insulation film of the terminal parts of the gate bus line and 
the source bus line formed in the periphery of the matrix liquid 
crystal panel is performed to complete an active matrix 
substrate . 
[0063] 

The above SiN film 10 can be substituted for the TiO, film 
or the ITO film. The composition of SiN is controlled in its 
composition ratio to be changed to the required refractive 
index (1.8 to 2.1) . 
[0064] 

Further, as shown in Fig. 1, a counter transparent 
electrode 12 formed by ITO as a counter electrode is provided 
on the whole surface, and an orientation film (not shown) is 
applied to the glass substrate 13 as a second substrate having 
light transmittance and the transparent substrate, 
respectively and formed. Rubbing is performed so that the 
above respective orientation films are oriented in designated 
directions. Thus, in the above respective orientation films, 
the liquid crystal molecules can be controlled to the array 
and inclination suitable for the operation mode of the liquid 
crystal 11. Further, spacer spray is performed so that the 
thickness of the layer of the liquid crystal 11 is made uniform 
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and stable. 

[0065] 

After that, the transparent substrate 1 on which a 
sealing compound is printed and the glass substrate 13 are stuck 
to each other with the sealing compound, then glass parting 
is performed, and further the liquid crystal 11 is injected. 
The injection port sealing process is conducted to obtain the 
liquid crystal panel according to the present mode for carrying 
out the invention. 
[0066] 

The liquid crystal 11 is not especially limited. To be 
concrete, for example, cited are thermotropic liquid crystal 
such as twisted nematic liquid crystal, guest-host type nematic 
liquid crystal, smectic liquid crystal and cholesteric liquid 
crystal, and liotropic liquid crystal. Among the above 
examples, the twisted nematic liquid crystal and the guest-host 
type nematic liquid crystal are preferable, because all of the 
liquid crystal molecules are arrayed parallel to the 
transparent substrate 1 and spirally. 
[0067] 

In the case of using the twisted nematic liquid crystal 
as the above liquid crystal 11, the operation mode of the liquid 
crystal is described as in the following. That is, the twist 
angle of the liquid crystal 11 is 45° between the transparent 
substrate 1 and the glass substrate 13, and when no voltage 
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is applied, the incident light is reflected without any change 
of polarizing direction by TN effect so that a black display 
is made. When voltage is applied, the incident light is 
changed in its polarizing direction and reflected by the double 
refraction effect so that the pixel 15 makes a white display. 
[0068] 

In the silver increased reflection film according to the 
mode for carrying out the invention, the Si0 2 film 9 (film 
thickness: 85 nm) and the SiN film 10 (film thickness: 65 nm) 
as the increased reflection film are formed on the silver or 
silver alloy thin film 8. Since the reflection film has this 
structure, as for the reflectance of the silver increased 
reflection film seen from the inside of the liquid crystal 
material is, as clear from Fig. 4, the silver increased 
reflection film (indicated by a solid line in Fig. 4) of the 
mode for carrying out the invention has a spectral reflectance 
of 98% at maximum as compared with the case (indicated by a 
short dotted line in Fig. 4) of omitting the increased 
reflection film. It is found that the spectral reflectance 
is improved about 2%. 
[0069] 

The reflectance is remarkably improved as compared with 
the case where the reflectance (indicated by a long dotted line 
in Fig. 4) of the aluminum single film is about 86^. That is, 
the SiO ;! film 9 as the first translucent film and the SiN film 
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10 as the second translucent film are formed on the silver or 
silver alloy thin film 8 which reflects light, whereby a higher 
spectral reflectance than that of the silver single film can 
be obtained in a visible light region (400 to 720 nm) , 
especially in the most part of the region of 500 nm or more 
important for the image display. 
[0070] 

Especially, lowering of the spectral reflectance of 
short wavelength side (400 to 500 nm) peculiar to silver can 
be lowered, so that substantially constant reflectance can be 
obtained. Since light in the short wavelength region is 
absorbed to become a heat generation source, heightening of 
reflectance in the short wavelength region by the increased 
reflectance film is very effective for the purpose of reducing 
heat generation of the reflection liquid crystal display 
device . 
[0071] 

When the liquid crystal panel using the increased 
reflection film is used in the reflection liquid crystal 
display projector, with the light source having power 
consumption of 250W or less, satisfactory brightness about 800 
ANSIlm can be obtained. Thus, with the liquid crystal panel 
of the invention, the light power consumption of the light 
source can be further reduced, and further the reflectance can 
be 98% at maximum, so that the contrast and brightness in the 
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obtained display image can be improved. 
[0072] 

Further, as shown in Fig. 5, in the case of using aluminum, 
the reflectance in the liquid crystal is 86%, and the invention 
can achieve 98% as compared with the reflectance of 91% at 
maximum even in the case of forming the increased reflection 
film of the SiN film and the SiCu film. 
[0073] 

[Advantage of the Invention] 

According to the constitution of the silver increased 
reflection film of the invention, the spectral reflectance of 
the short wavelength region can be heightened, so that with 
the high reflectance of the silver in itself kept, the 
substantially equal reflectance can be obtained in almost all 
of the visible light region. In the embodiment of the invention, 
the reflectance of 98% can be obtained. 
[0074] 

According to the invention, in the silver increased 
reflection film, very stable and inexpensive material can be 
used, and the manufacture can be facilitated. 
[0075] 

According to the invention, in the silver reflection film, 
the film thickness of the first optical thin film and the second 
optical thin film is set to secure the light transmit tance of 
the first optical thin film and the second optical thin film, 
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and stabilize the improvement in spectral reflectance of light 
in the visible light region. Accordingly, the improvement in 
contrast and brightness required for the liquid crystal display 
device can be ensured. 
[0076] 

Further, according to the invention, in the reflection 
liquid crystal display device, satisfactory contrast and 
brightness can be attained, residual image and coloration can 
be prevented, power consumption can be further reduced, and 
the temperature rise of the reflection liquid crystal display 
device used in the reflection liquid crystal display projector 
can be decreased so as to improve the quality of the display 
screen . 

Brief Description of the Drawings : 

Fig. 1 is a sectional view showing a reflection liquid 
crystal display device using the mode for carrying out the 
invention; 

Figs. 2A to 2E are diagrams for explaining the 
manufacturing process for an active matrix substrate according 
to the invention; 

Fig. 3 is a sectional view of TFT; 

Fig. 4 is a diagram showing the comparison of reflectance 
seen from the inside of the liquid crystal material between 
the silver increased reflection film and the aluminum 
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reflection film; 

Fig. 5 is a diagram showing the reflectance seen from 
the liquid crystal material of aluminum; 

Fig. 6 is a sectional view of the conventional reflection 
liquid crystal display device; 

Fig. 7 is a sectional view of the conventional increased 
reflection film; 

Fig. 8 is a sectional view of a liquid crystal display 
device having the conventional increased reflection film; and 

Fig. 9 is a sectional view of a liquid crystal display 
device having the conventional increased reflection film. 
[Description of the Reference Numerals and Signs] 

1, 13, 21, 33: glass substrate 

2, 22: TFT (thin film transistor) 

3, 23: source electrode 

4, 24: drain electrode 

5, 25: second layer insulation film 
5a, 7a: contact hole 

6: reflector film 

7, 27: third layer insulation film 
8: silver or silver alloy thin film 
9: Si0 2 film 
10: SiN film 

11, 31, 62, 75: liquid crystal 

12, 32: counter transparent electrode 
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15, 35 : pixel 

26: shielding electrode film 

28: reflector metal film 

50: stacking reflector 

51, 65, 66: substrate 

52: metallic reflective layer 

53: transparent dielectric film with low refractive index 

54: transparent dielectric film with high refractive index 

61: high polymer 

63 , 64 : electrode 

67, 69: orientation film 

68: reflector 

70: back side substrate 

71: metallic reflective film 

72: transparent conductive film 

73: transparent electrode 

74: observer side substrate 

[FIG. 4] 

SILVER WITH INCREAED REFLECTANCE FILM 
SILVER SINGLE FILM 
ALUMINUM SINGLE FILM 

[FIG. 5] 

AFTER FORMATION OF INCREASED REFLECTION FILM 
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ALUMINUM SINGLE FILM 



